Little is known about the genetic strain diversity and geographical range of Histoplasma capsulatum isolated in Rio de Janeiro State, Brazil. We characterized 13 environmental, 7 animal, and 28 clinical H. capsulatum isolates by using a PCR-based random amplified polymorphic DNA (RAPD) assay. DNA fingerprinting of these soil, animal, and clinical specimens was performed with four primers (1253, 1281, D-9355, and D-10513) and generated amplicons with considerable polymorphism. Although all of the isolates exhibited more than 80% genetic relatedness, they could be clustered into four to six genotypes for each primer. The RAPD profiles of H. capsulatum isolated from Rio de Janeiro State could be distinguished from those of the U.S. strains included in this study (Downs, G222B, G-186B, and FLS1) by showing less than 70% similarity to each primer. The genetic polymorphisms between H. capsulatum strains isolated from animals and soil obtained in the same geographic areas were 100% similar, suggesting that an environmental microniche could be acting as a source of infection for animals and the local human population.
Histoplasmosis, a systemic fungal disease caused by Histoplasma capsulatum, has a worldwide distribution and is a serious community-acquired endemic mycosis among immunocompetent hosts in some countries. Histoplasmosis has also become a serious problem in immunocompromised hosts, such as AIDS patients who develop a disseminated and often rapidly progressive clinical course, requiring prompt diagnosis and specific treatment (18) . Before the advent of combination antiretroviral therapy, histoplasmosis accounted for 5 to 20% of the infections in AIDS patients in areas where it is endemic. Although incidence and prevalence data are lacking in Brazil, histoplasmosis may infect up to 5% of the individuals with AIDS in areas of the country where it is endemic.
Genome typing has the power to discriminate between clinical and environmental strains of microbes. In histoplasmosis, genome typing has achieved three levels of discrimination as follows. Broad groupings can be defined using hybridization with the yps3 probe (7), with additional discrimination provided by applying a mitochondrial DNA probe to the same Southern blots (15) . Random amplification of polymorphic DNA (RAPD) is capable of revealing individual strain subtypes (8) . More recently, another typing method has been described that is based on nucleotide sequence variation in the internal transcribed spacer regions of the rRNA gene, where Indianapolis isolates were classified into four types (4) . A better understanding of how to identify clinical and environmental strains of H. capsulatum will help to estimate the contribution of endogenous versus exogenous sources of infection and aid in tracking the transmission of infection during outbreaks.
The molecular epidemiology of histoplasmosis has not been studied in Brazil. Brazilian isolates of H. capsulatum from patients with AIDS-related infections, immunologically intact hosts with community-acquired histoplasmosis, soil, and animals have not been compared by DNA fingerprinting, and little is known about the type and geographical range of H. capsulatum strains in Rio de Janeiro State. In this research, the genetic polymorphism of H. capsulatum strains from environmental and clinical sources was analyzed by using a RAPD assay.
MATERIALS AND METHODS

Cultures.
Forty-eight H. capsulatum strains were obtained from the Centro de Pesquisa Hospital Evandro Chagas-Fundação Oswaldo Cruz, the Hospital Universitário Pedro Ernesto-Universidade do Estado do Rio de Janeiro, and the Laboratório Lâmina, Rio de Janeiro, Brazil. Their sources and geographical origins are listed in Table 1 . Fungal identification was done by conventional mycological methods, including morphology and the exoantigen test (16) . H. capsulatum strains Downs (class I), G-222B (class II), G-186B (class III), and FLS-1 (class IV) from the United States were used in all studies as reference strains.
DNA isolation. A single colony of yeast phase H. capsulatum was grown at 37°C in Pine's citrate broth (9) in a gyratory shaker at 120 rpm for 3 days. The yeast cells were harvested and washed three times in sterile distilled water by centrifugation at 2,000 ϫ g. Genomic DNA was extracted from H. capsulatum yeast cells with a Puregene DNA Isolation Kit (Gentra Systems, Inc., Minneapolis, Minn.). DNA quantification was done with a Gene Quant pro RNA/DNA Calculator (Amersham Pharmacia Biotech, Cambridge, United Kingdom).
PCR-RAPD. For RAPD analysis, each strain was tested with four primers described previously by Kersulyte et al. (8) . The RAPD profiles were defined by bands that were present in different amplification reactions. Distinct RAPD profiles were designated by roman numerals; minor variations (at least one polymorphic band) were indicated by letters. The DNA amplification reaction was carried out in a 25-l volume containing 20 ng of H. capsulatum DNA, 10ϫ PCR buffer containing 500 mM KCl, 100 mM Tris-HCl (pH 8. follows: (i) 4 cycles, each consisting of 5 min at 94°C, 5 min at 40°C, and 5 min at 72°C; (ii) 30 cycles, each consisting of 1 min at 94°C, 1 min at 55°C, and 2 min at 72°C; and (iii) incubation at 72°C for 10 min to complete the extension. The randomly amplified DNA fragments were analyzed by electrophoresis on a 1% agarose gel in TBE buffer (0.89 M Tris, 0.89 M boric acid, 0.02 M disodium EDTA, pH 8.4) stained with ethidium bromide (Roche Molecular Biochemicals) at a final concentration of 0.5 g/ml. All of the bands visualized on the gel were counted, and data were scored for the presence or absence of amplification products. The reproducibility of this method was confirmed when identical electrophoretic profiles were observed in PCR assays repeated at least three times under the same conditions.
Computer-assisted data analysis. The similarity coefficient or Dice index was determined for each isolate in a RAPD analysis by using the Molecular Analyst Fingerprinting Plus software, version 1.12 (Bio-Rad Laboratories, Richmond, Calif.). For clustering, the unweighted pair-group method with arithmetic means was used.
Discriminatory power. To assess the discriminatory power of the method applied in this study, a single numerical index of discrimination (D) using Simpson's index of diversity (3) was calculated, based on the probability that two unrelated strains sampled from the test population will be placed into different typing groups.
RESULTS
For representative gels showing the RAPD profiles of 48 H. capsulatum samples isolated from several geographic locations in Rio de Janeiro State (Table 1 ), see Fig. 1 and 3 . Although all of the isolates exhibited more than 80% genetic relatedness, they could be clustered into four to six genotypes (see Fig. 1  and 3 ). Depending on the primer, 8 to 13 bands were separated, ranging in size from 0.3 to 4.4 kb. Common PCR fragments were seen among H. capsulatum isolates from Rio de Janeiro and from the United States when typed with all primers by this method: 1.5 kb (primer 1253), 0.8 kb (primer 1281), 0.9 kb (primer D-9355), and 0.5 kb (primer D-10513).
The RAPD profiles of H. capsulatum isolates from Rio de Janeiro State were distinguished from those of the U.S. strains included in this study (Downs, G222B, G-186B, and FLS1) by showing less than 70% similarity to all of the primers. Primer 1253. Amplifications performed with primer 1253 resulted in the identification of five distinct genotypes among the 48 H. capsulatum strains (Table 1 ; Fig. 1A and 2A) , permitting the discrimination of two distinct clusters (groups I and II) exhibiting 87.2% relatedness and five subtypes (Ia, Ib, Ic, IIa, and IIb) with a high degree of similarity among them. Twenty-three isolates were included in subtype Ia, with 10 strains isolated from soil, 5 from animals, and 8 from patients with histoplasmosis. Subtype Ib accounted for three isolates from soil, two from animals, and three from patients with confirmed histoplasmosis. Three strains, all isolated from patients, made up subtype Ic. Subtypes IIa and IIb, with 95.9% similarity, also contained H. capsulatum strains isolated only from histoplasmosis patients.
Primer 1281. With primer 1281, Rio de Janeiro isolates were classified into groups I (subtypes Ia and Ib), II, III (subtypes IIIa and IIIb), and IV, showing greater DNA polymorphism among them (81.2% similarity). Group I contained a majority of soil and animal isolates, with subtype Ia predominating (12 isolates from soil and 6 from animals). Three of the 20 AIDS patient isolates and four of the eight strains from human immunodeficiency virus (HIV)-negative patients were also included in this subtype, presenting 94.6% relatedness to subtype Ib, which is composed of 4 human isolates (Table 1 ; Fig. 1C  and 2B ). Group II contained a cluster of two other isolates from soil (IT4) and animals (CÃ O4), respectively. Most of the AIDS-associated isolates were found in group III, although subtype IIIb also contained one isolate from an HIV-negative patient (78642). Group IV comprised H. capsulatum strains (Fig. 3A and 4A) were also observed. Most of the isolates were clustered into group I, subtype Ia, which presented 93.5% relatedness with subtype Ib, which is composed of one strain from soil, two from animals, three from AIDS patients, and three from HIV-negative patients. Group II, also divided into subtypes IIa and IIb, included 12 isolates of different origins (six AIDS patient strains, three strains from HIV-negative patients, two strains from soil, and one animal isolate). Group III, which presented 81.4% similarity to the other groups, was made up of only isolates from AIDS patients.
Primer 10513. Genetic differences were also expressed in three clusters by RAPD with primer D-10513 ( Fig. 3C and 4B ).
Group I contained 77% of the strains from different sources and was divided into subtypes Ia and Ib, with a high degree of relatedness between them (92.3%). Groups II and III did not show any subtype division and comprised isolates from several origins: IT4 (soil), CÃ O4 (animal), 2733, 6305, 8941, 9414, 84564, 4959, 9236 (AIDS patients), B-670, and 78642 (HIVnegative patients).
The majority of the H. capsulatum strains isolated from soil and animals, independent of which primer was used in the RAPD assay, were assembled into group I, subtype Ia (Table  1) . Table 2 lists the DNA fingerprinting patterns achieved among H. capsulatum isolates from animals and soil obtained from the same geographic area. All of the H. capsulatum strains isolated from Ilha Grande presented the same genotype, with 100% similarity, and were clustered into group I, subtype Ia. Similar results were observed with the isolates from Rio da Prata. Most of these isolates were clustered into group I, subtype Ia (83% similarity). However, H. capsulatum isolate RP44, from a wild rodent, was classified into group I, subtype Ib.
The DNA fingerprinting patterns obtained from clinical samples of patients with histoplasmosis, whether or not they were isolated from patients with AIDS, showed a high degree of genetic strain diversity (Table 1) . H. capsulatum strains were isolated on different dates from the same patients, two HIVpositive patients (9291 and 9305 and 84502 and 84544) and two HIV-negative patients (3237 and 3356 and 3416 and 3669). The DNA profiles of strains from the same patient isolated at different times showed 100% similarity, independent of the primer used in the test (Table 3) .
DISCUSSION
The molecular epidemiology of histoplasmosis has not previously been studied in Brazil. The present study establishes the genetic relatedness among Brazilian (from Rio de Janeiro State) H. capsulatum samples isolated from patients with AIDS-related infections, immunologically intact hosts with community-acquired histoplasmosis, soil, and animals by using RAPD assays. Analysis of our findings showed that the H. capsulatum isolates included in this study had 80 to 100% similarity and that despite this genetic similarity, they could be separated into four to six different genotypes. The primers used for RAPD analysis were chosen based on a previous study (8) . Although the choice of other primers with higher discriminatory power could be applied to this study, many arbitrary oligonucleotides can serve as informative primers. It has been demonstrated that 50% GϩC primers generally give good amplification with the larger and more complex genomes of eukaryotes (13) such as H. capsulatum. The GϩC contents of our primers are 40 to 70%. Also, the usefulness of primers with higher GϩC contents probably stems from their generally stronger binding and thus their ability to utilize a larger number of partially mismatched template DNA sites (8). The RAPD profiles of H. capsulatum isolated from Rio de Janeiro State could be distinguished from those of the U.S. strains included in this study (Downs, G222B, G-186B, and FLS1) with each of the primers tested. Similar studies with H. capsulatum isolates from Thailand showed identical results. Those isolates were also genetically homogeneous and clustered into two or three groups with DNA profiles distinct from those of American strains (10) , suggesting that they could be environmentally and/or geographically distinct strains. Our data corroborate this hypothesis and provide the beginning of a population genetic analysis of this species. These data also suggest geographical specificity, as previously demonstrated for Cryptococcus neoformans serotypes (1, 14) .
The ecology of H. capsulatum in Rio de Janeiro State has been the subject of several investigations (2, 19) . The fungus has been isolated from soil in different geographic areas, suggesting that H. capsulatum microniches exist at these localities and could be acting as the source of infection for animals and the local human population (19) . The high similarity observed among the H. capsulatum strains isolated from animals and soil at the same locality favors that hypothesis. H. capsulatum isolates from Ilha Grande were clustered into group I, subtype la, presenting 100% identity. Similar results were obtained with isolates from Rio da Prata. Five isolates from soil and one from an animal showed identical DNA profiles, being classified into group I, subtype Ia. Although the genotype profiles of the RP44 sample (isolated from a rodent) were clustered into group I, subtype Ib (Table 2) , when it was typed with the D-9355 primer, it showed 93% similarity to other isolates from the same locality, showing a close genetic relationship. This could be explained by the existence of one or more genetic events, such as an insertion or deletion of nucleotides in the genomic DNA region that hybridizes with this primer (17) . However, we cannot rule out the possibility that the animal (Rattus rattus) was infected at a different ecological site. The IT4 strain was isolated from the soil of a cave in Itaipava, where a human histoplasmosis outbreak occurred (B. Wanke, M. F. Ferreira da Cruz, M. S. Lazera, and G. Bretas, Ann. 19th Congr. Soc. Bras. Med. Trop. abstr. 26, 1983) , and the CÃ O-4 strain was isolated from a dog that died after being exposed to fungal propagules in the same place to induce an experimental infection (12) . The high percentage of genetic similarity demonstrated between these isolates suggests the possibility that only one virulent genetic population was present in this microniche. Although it has been demonstrated that H. capsulatum reproduction could be recombinant (17) and hybrid genotypes could be found in nature, this event has not been demonstrated, even with molecular techniques such as sequencing of several genes encoding four H. capsulatum proteins (5).
H. capsulatum soil isolates from a trench under a bridge in Pendotiba and from a chicken house in Tinguá were suspected to be the source of infection in two outbreaks of histoplasmosis that were investigated in our laboratory. Samples AC2 and AC5, obtained in the first outbreak, presented the same genotype, with 100% similarity between them. Different results were observed when three H. capsulatum isolates from the chicken house (TI1, TI5, and TI14) were RAPD typed. They were included in two different groups and subtypes (Table 2) . This fact suggested the presence of a unique genetic population in microniches less exposed to climatic variations. How- ever, the possibility of a genetic alteration in nature cannot be ruled out.
Low-virulence strains (Downs strain) are more prevalent in AIDS patients (6). Our results were not able to show such an association, and this view is consistent with the observation made by Reyes-Montes et al. (11) in typing H. capsulatum strains isolated in Mexico. The strains from HIV-positive and HIV-negative patients showed genetic diversity, being included in all of the groups and subtypes discriminated by the RAPD technique. Moreover, when this genotype profile was compared with those of strain Downs and classes II, III, and IV (7, 15) , less than 70% similarity was observed among them.
All of the H. capsulatum strains isolated from four patients on different dates presented the same genotype pattern (Table  3) . Possibly, these patients harbored only one genetic population. This approach will be useful in determining whether infection is the result of endogenous reactivation of a quiescent focus, an event already demonstrated by Keath et al. (6) .
Poonwan et al. (10) analyzed the genetic diversity of strains from Thailand and observed a 700-bp genomic DNA fragment in all of the strains included in their study. Those authors considered this fragment to be a species-specific marker. In our study, some species-specific markers were observed and further study will be done in order to obtain the complete nucleotide sequence of these fragments for standardization of a specific diagnosis of histoplasmosis. This is the first study of histoplasmosis done by molecular typing methods in Brazil. The data obtained suggest that the application of RAPD methodology could be a useful tool for H. capsulatum typing. This method of strain identification and analyses of genome diversity is sensitive, reliable, and fast; requires much less DNA than is needed for Southern blotting; and avoids the need for restriction endonuclease cleavage, which is often difficult with DNA extracted from H. capsulatum (8) . New comparative studies using RAPD and other molecular typing methods are in development to delineate the polymorphism present in H. capsulatum isolates from Rio de Janeiro in comparison with those from other Brazilian states in order to provide more information and new insight into the population genetics of H. capsulatum and the epidemiology of histoplasmosis.
